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ABSTRACT
Using oscillating fans to improve comfort.
SUDAD STANLY AL-WAHAB, Kansas State University, Manhattan,
XS 66506

Eight subjects sat in an experimental chamber and
performed a pegboard task three different times at three
different temperatures.(25.6, 27.8, and 30 C). In each
temperature there were seven conditions (1= Performing the
task in still air, no fan in uses 2,3,4- Performing the
task while the fan was in a fixed position at three zair
velocities: 5,6,7= Performing the task while the fan was
oscillating at three air velocities). Air velocities were
at .4, .8, and 1.2 m/s.

Each subject was exposed to each temperature and fan
condition for 20 minutes. Two types of balldts measured the
subjects thermal sensation.

Results indicated that temperatures and fan conditions
were significantly different. The interactions between fan
conditions and temperatures were not significant.

Subjects felt cooler with higher air velocities ind-
ependent of the fan condition or temperature.

At lower temperatures the oscillating fan was perferred
over the fixed fan, while at higher temperatures both fan
cenditions héd the same effect. For every increase in air
velocity by 1 m/s the temperature can be increased by

2.2 C for the oscillating fan and by 5.5 C for the fixed

fan.



INTRODUCTION

Thermal comfort is defined by the American Society for
Heating, Refrigeration, and Air-Conditioning Engineers
(ASHRAE) standard 55-74 as "The condition of the mind that
expresses satisfaction with the thermal environment.™
Thermal environment means the air temperature, mean radiant
temperature, air velocity, and humidity: 2 combination of
these will create thermal comfort. Thermal comfort is not
an exact concept and does not occur at a certain temperat-
ure., The condition of the mind is related to the condition
of the body (heart rate, mean skin temperature, sweat
rate, etc)., Some of the non-thermal factors that do not
affect the condition of the mind ares

The season of the year- Konz (1979) said that comfort
is not affected by the season of the year.

Age- Cena and Clark (1981) said that, although the
metabolic rate decreases with age, this is
fortuitously compensated by a decrease in
insensible evaporation.

Sex- Cena and Clark (1981) said that women are more
sensitive to temperature change away from
the comfort temperatures., However, Cena and
Clark mention that, in practice, there is
no need to differentiate between sexes

for comfort temperatures.



Colors- Do not affect thermal sensation according
40 Cena and Clark (1981).
Time of day- Time of the day has no effect on thermal
comfort conditions according to Konz (1979).
There is a relationship between the éhysiological
response (condition of the body)} and the psychological
response (condition of the mind). This study will inves-
tigate the psychological response.

Psychological responses Rohles and Nevins (1971)

had 1600 subjects exposed to 160 combinations of temper-
ature and humidity where results showed a very wide vari-
ation in subject's votes. The range of subject’s voting
comfortable was between 62 F and 98 F (16,7 C and 36.7 C)
after an exposure of three hours. This study shows the
variation and differences among people.

Rohles et 21, (1967) had subjects exposed to six
temperatures between 95 and 120 F (35 and 48.9 C) and to
different relative humidities. The rectal temperature was
measured. Results showed that when the effective temper-
eture was below 91.3 F (32.9 C) there was no increase in
the rectal temperature above 2 F (1.1 C) for all subjects.
However all subjects had the 2 P (1.1 C) increase when the
effective temperature was 97 F (36.1 C) and above. The
above study was mentioned by Rohles (1971); he sub-di-

vided the difference between people into a variation



between-subjects and a variation within-subjects. At
higher temperatures both variations will be reduced and
subjects will feel the same. Rohles goes on to mention
that, in contrast, when temperatures.are beitween 68 F and
75 F (20 and 23.9 C) with relative humidity at 50% and
with an air velocity below 50 ft/min (.25 m/s), both
variations (between and within subjects) will increase
and measuring that variability will become more complex.

Rohles (1980), in reviewing studies which address
the psychology of thermal comfort, mentioned that at
65 F {19.3 C) secretaries that were told that a radiant
heater was operating voted warmer than those that were
not told. In another study reviewed by Rohles, people
that were told that the room temperature was 7?4 F (23.3 C),
while the actual temperature was 72, 70, and 68 F (22.2,
21,1, and 20 C), felt as comfortable as when the room
temperature was 74 F. From the above can be seen the im-
portance of the psychological responses (condition of the
mind).

Humidity Rohles (1971) had 16C0 college zge students
(males and females) exposed to temperatures ranging betw-
een 60 and 98 F (15.6 and 36,7.C) and to relative humid-
ities between 15 and 80%. "Comfortable™ votes were given
over a temperature range between 62 and 98 F (16.7 and

36.7 C). Male subjects took a longer time to adapt to the



thermal environment than the female subjects did. For
male subjects the temperature is about seven times more
important than humidity when determining the thermal
sensation, but for females it is about nine times more
important. The matter of how humidity affects the pre=-
ferred temperature was discussed by Cena and Clark (1981).
Fanger's comfort equation predicts that a change in
relati@e hqmidity from 20% to 75% will reduce the pre=-
ferred temperature by only .5 C (1 F). Ingram and Mount
(1975) said that the change from dry air to saturated air
is compensated for by a fall in the comfort temperature
of 1.5 to 3 C (3 to 6 F). The strongest effect of humi-
dity will be at higher temperatures and when these temp-
eratures are higher than the comfort temperatures.

Mean radiznt temperature and clothing Xonz (1979)

mentions that, for each 1 C (2 F) deviation of the mean
radiant temperzture (MRT) from the Dry Bulb Temperature
(DBT), the DBT changes 1 C (2 F) in the oppsite direction.
ASHRAE standard 55-74 section 5.1.4 defines the operative
temperature as the mean of the air temperature and the
mean radiant temperature. So, when the MRT differs from
the air temperature, one of the temperatures should be

ad justed to keep the operative temperature within the

comfort zone.

Nevins (1975) says that the DBY decreases .6 C for



every .l clo increase. Konz (1979) cited Nevins and
Gorton that when the total metabolism is less than 225 W
the DBT decreases .6 C for every .l clo increase étarting
from .6 c¢lo, and when the metabolism is over 225 W the DBT
decreases by 1.2 C for every .1 clo.

Air velocity By controlling the ambient air temp-

erature, the mean radiant temperature and the humidity,
the remaining factor from which thermal comfort can be
created is the air velocity. Fanger (1979) cited Bedford
and Warner that "the air movement should be variable rat-
her than uniform and monotonous, for the body is stimu-
lated by ceaseless change in the environment.”

Rohles (1965) had two monkeys exposed to three diff-
erent air velocities of 5, 10, and 20 mph (2.2, 4.5, and
8.9 m/s) and to three different temperatures of 50, 60,
and 70 F (10, 15.6, and 21.1 C). The monkeys chose to
avoid the wind most of the time. There was a reduction of
avoidance at the 60 F temperature. The wind velocities of
10 and 20 mph were avoided most of the time. Later on
Rohles (1965), in another study, made a hypothesis that
when the air temperature is low, a2 wind at a certain
velocity will be unpleasant but when the temperatures are

slightly above the comfort zone (between 80 and 90 F)
the same wind velocity will be pleasant. When the temp=-

erature is high (over 90 F), the wind becomes unpleasant



again,

Berdan et al. (1970) had eight subjects exposed to
temperatures between 15 and 35 C (59 and 95 F), and to
air velocities up to 4 m/s. Physiological reactions were
recorded. In moderate work, favorable results were obtained
with air temperatures between 20 and 27 C at air velocities
up to 3 m/s. Results also indicated that the sweat rate
and skin temperature decreased as the air velocity incre-
agsed for all experimental temperatures.

Olesen et 2l. (1972) had a subject examined at sixteen
conditions of air temperature, mean radiant temperature,
clothing, activity and air velocity. Alr velocity was
created by a rectangular nozzle facing the subject. There
was no difficulty in creating thermal comfort at .8 m/s.
The evaporative weight loss increased when air velocity
increased. The mean skin temperature and evaporative loss
were independent from the combination of air velocity,
mean radiant temperature, air temperature and clothing
at a given activity level when the subject was thermally
comfortable. The subject's vote was not influenced by the
mean skin temperature or evaporative loss. But the mean
skin temperature and evaporative loss did have an infl-
uence when the air temperature was higher than the mean
radiant temperature; the study showed that the subject

preferred a skin temperature approximatly .8 C lower than



when both temperatures were equal.

Fanger et al. (1974) had subjects seated and exposed
to a velocity of .8 m/s from five directions (front, side,
behind, below, and above) with the air temperature chosen
individually by each subject. There was no difficulty in
creating thermal comfort independent of the direction of
the air flow. The study also mentioned that besides the
mean velocity, the turbulence (fluctuation) of air flow
may have an influence in man's heat balance and his
comfort.

Fanger (1970) developed a mathematical model which
predicts thermal comfort at different environmental con-
ditions. The comfort equation was stated as:

(Internal heat production in the human body) - (Heat loss
due to water vapour diffusion through the skin) - (Heat
loss due to the evaporation of sweat from the surface of
the skin) - (Iatent respiration heat loss) - (Dry res-
piration heat loss) - (Dry respiration heat loss)=

(Heat loss by radiation from the outer surface of the
clothed body + The heat loss by convection from the outer
surface of the clothed body).

The right side of the equation equazls the heat production
while the left side egquals the heat dissipation. The

mathematical terms of the model is stated as:



M_ (1-n) - .35 g 43 - 061 M __ (1-n) - pa § -
ADU ADu

42 E M_ (1-n) - 50 3 - 0023 M __ (44 = pa ) -
KE; ADu

L0014 M_ (34 - %) =3.4 . 2070 £, t (tgy + 273)* -
Apy

(tmrt * 273)u ; ¥ fcl hc (tcl - ta)

¥here1

M =Metabolic rate, Kecal/hr

Ap, =Body surface area of the human body (DuBois area), m?
tc]_:=Mean temperature of outer surface of clothed body, C
tmrt = Mean radiant temperature, C

pa = Partial pressure of water vapor in ambient air, mmHg
n = External mechanical efficiency of the body, where

n -(external mechanical power)/(metabolic value).

ta = Alr temperature, C

fcl = Ratio of surface area of clothed body to surface
area of the nude body.

hc = Convective heat transfer coefficient, where

h, =10.4 (V)'5 (Keal/hr n® C)
V = Air velocity, m/s
This equation was employed by Rohles et al. (1974) in a
study where they had 90 subjects exposed to three air
velocities of 40, 80, and 160 ft/min (.2, .4, and .8 m/s)
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and to three air temperatures. The three air velocities
were created by blowers mounted outside the experimental
chamber. The preferred temperature was not identical to
those obtained from Fanger's equation. This lack of agr-
eement was explained as due to the low air velocities that
are difficult to measure. Results from this study indi-
cated that thermal sensation may be linearly correlated
with the new effective temperature and air movement. The
weighted mean skin temperature was influenced by tempe-
rature and air velocity.

Fanger {1975), in discussing convective spot cooling,
saild that comfort can be created by controlling one's
convective heat loss. This could be done by creating
and controlling the air flow. That is, thermal comfort
can be created by increasing the air velocity at an indi-
vidual work place in warm buildings. Figure 1 shows a
comfort diagram based on Fanger's comfort equation. With
a combination of air velocity and air temperature at a
certain activity level, comfort can be created. Figure 1

also shows that if the air temperature is higher than

29 = 30 C (84.2 = 86 F) comfort can not be achieved thr-

ough higher air velocities, Furthermore, the matter of

using the air velocity at each individual place is favora-
ble from the point that people are different. Each can

control the system according to their own requirements
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and needs.,

McIntyre (1980) investigated the preferred air velo-
city for comfort. Eleven subjects were exposed to temper=-
atures ranging from 22 to 30 C (72 to 86 F), and to air
velocities chosen by each subject by regulating a ceiling
fan. The use of a éeiling fan reduced discomfort at warm
temperatures. Air velocities chosen by subjects at diff-
erent temperatures are plotted in Figure 1. Subjects chose
velocities up to 2 m/s at 30 C (86 F). This confirms
Fanéer's comfort diagram. Subjects also chose air veloc=-
ities that increased with the increase of air temperature.

Nevins (1975) said that for each .1 m/s increase in
velocity up to .6 m/s the DBT should be increased by .3 C.
For every .l m/s increase between .6 and 1.0 m/s, the DBT
should be increased by .15 C.

From all above, fans do make a difference. In warm
conditions air movement may be used to reduce discomfort,
Although fans can not reduce humidity, they provide a
cheap and effective method of relief from heat. Air vel-
ocity can be used to create thermal comfort within reas-
onable ranges of air temperature, mean radiant temperature
and humidity. |

Oscillating fans Air flow in previous studies was

created by the use of blowers, nozzles, and ceiling fans.

This study will investigzte the use of oscillating fans



1.3

and thermal comfort created by their use. Consumer Reports
(1979) mentions that “escillating fans have their most
cooling effect when they move. from:side-te side (eseillate).
Oscillating fans provide a convenient method for creating
air movement. No instazllation is needed as any flat sur=-
face will do. Oscillating fans can be set up to run with-
out oscillation, simply by ad justing a control knob. An
oscillating fan also provides a wide range of air distri-
bution depending on the distance between people and the
fan, as can be seen iﬁ Figure 2, This investigation of
oscillating fans will be done by exposing subjects to
different temperatures and to different air wvelocities to
see how effective oscillating fans can be, by studying

subject's response (votes) from these conditions,
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METHOD
Task

Subjects wearing the KSU standard uniform (see below)
entered the IER chamber on three different days and perf-
ormed a pegboard task. See Figure 3. They picked up doub-
les from the bin one at a time using their preferred
hand and placed them in a pegboard. Subjects then disass=-
embled the board and repeated the process.

Subjects

Eight male college-age students participated in the
experiment, Subjects were paid $45 for their participation.

Experimental Design

The experiment was conducted in the Institute of
Environmental Research (IER) chamber.

Before entering the chamber, each subject changed
into the clothing required for the experiment. This consis-
ted of a shirt (long sleeves, cotton twill), trousers
(cotton), socks (cotton), jockey shorts, and shoes, This
represents the KSU standard uniform which has a value of
+6 clo. Then subjects entered the chamber. This was done
three different times in three different days. Once in the
chamber the instructions were read to the subjects (App-
endix B). Then they completed the subject data form (App-
endix C). The subjects were showvm the two types of ballots

that were distributed among them every ten minutes of
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F: Red Paint

Figure 3 Dimensions for pegboard and doubles.
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the experiment (Appendices D and E). Afetr the subjects
learned how to mark the ballots, the experiment began.

Subjects were seated at the table and performed the
pegboard task in seven conditions:

l- Performing the task in still air (air velocity

less than .2 m/s).
2,3,4= Performing the task while the fan was in a
fixed position at three air velocities (.4,
.8, and 1.2 m/s)
5,6,7= Performing the task while the fan was oscill-
ating at three air velocities (.4, .8, and
1.2 m/s).
This was done on three different days and at three diffe-
rent temperatures of 25.6, 27.8, and 30 C (78, 82, and
86 F). Humidity was fixed at 50%. The mean radiant tempe-
rature was equal to the air temperature. Subjects were run
two at 2 time, with each subject facing the fan, Figures
L and 5.

Every ten minutes of the experiment, and for a total
time of 160 minutes, ballots were distributed for each
subject.,

The first condition, no fan in use (NF), was repli
cated and was fixed for the first two periods and the
last two periods. The second through the seventh condition,

fan in fixed position (FF) and fan oscillating (F0), also
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Figure 4 Subject performing the pegboard task
while the fan is in a fixed position.

Figure 5 Subject performing the pegboard task

while the fan is oscillating.
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were replicated and randomly distributed among the re-
maining periods. See Table 1. Temperatures were randomly
distributed. See Table 2.

Measurements and Instrumentation

Two electrie nine inch oscillating fans (Model LA-9,
Tatung Company of America Inc.) were used to create the
air flow inside the chamber while two subjects were work-
ing at the same time. See Figure 6. Air velocity was
measured using a velometer (Type 6006-P, ALNOR).

Measuring air velocity was done by placing a fan
in front of the subject's face, and by placing the ALNOR
velometer at a point thét represents the center of the
subject's face. See Figure 7. The fan was moved forward
and backward to determine the air velocity for both con-
ditions (fan fixed and fan oscillating). The air flow
created by the fan in both conditions was not in a steady
mode; this caused the velometer to fluctuate. An znometer
(Model 60, Anemotherm ) was used to check that same air
flow. It also gave a fluctuating reading. Although the fl-
uctuation of the anometer was slower than that of the

velometer, it was decided to use the velometer because

more accurate readings could be obtained from it as the
distance between the figures on the dial are greater

than that of the anometer.

Three air velocities were needed (.4, .8, and 1.6 m/s).
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TABLE 1

Sequence of the experiment at a temperature.

Subject
1 NF NF FO3 FO3 FO2 FO2 FF1 FFl FF3 FF3 FF2 FF2 FO1 FO1 NF NF
2 NF NF FO2 FO2 FF1 FF1 FO1 FO1 FF2 FFE FO3 FO3 FF3 FFS NF NF
3 NF NF FF3 FF3 FF2 FF2 FO3 FO3 FO1 FO1 FFl FF1 FOE FO2 NF NF

4 NF NF FO, FO, FF, FF, FF, FF3 FFl FF1 FO3 FO, FO, FO, NF NF

wn

NF NF FO, FO, FF, FF, FO; FO, FF, FF FF, FF; FO, FO; NF NF

2 2
6 NF NF FO5 FO3 FF2 FF2 qu. FOZ FFl FFl FFS' FF3 FO1 FOl NF NF
7 NF NF FO1 FO1 FF2 FF2 -FOS FO3 F02 FO2 FF3 FF3 FFl FFl NF NF
8 NF NF FO1 FO} FF1 FFl FF3 FF3 _FOS FO3 FF2 FF: FO2 FO2 NF NF
NF - No fan in use
FFl - Fan fixed at velocity .4 m/s
FF2 - Fan fixed at velocity .8 m/s
FF3 - Fan fixed at velocity 1.2 m/s
FOl - Fan oscillating at velocity .4 m/s
FO, - Fan oscillating at velocity .8 m/s

FO. - Fan oscillating at velocity 1.2 m/s



TABLE 2

Sequence of the experiment by temperature.

Subjects Temperature
1 and 2 82 86 78
3 and 4 86 82 78
5 and 6 86 78 82
7 and 8 78 82 86

21
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(#*) Point where air velocity was

measured.
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In order to obtain an air velocity of 1.6 m/s when the
fan was oscillating, the subject needed to be approxima=-
tely .3 meters (one foot) away froﬁ the center of the fan.
When the fan oscillated, that left a distance of .2 meters
(nine inches) between the subject's face and the edge of
the fan; see Figure 8. It was decided that this was an
uncomfortable position and 2 velocity of 1.2 m/s was
chosen instead,

1- Air velocity when the fan is at a fixed position:

Fifty air velocity readings were taken (one every
five seconds) for every half foot. Means and standard
deviations were calculated to determine the required vel-
ocities; see Table 3. Air velocity means were plotted and
a curve was fitted between the data points using a SAS
(Statistical Analysis System) program; see Figure 9.
The best equation is:

AV =12.323 + 6,174 (D) - .322 (D)% -

15,647 (D)*2
2

R® - .989
where
AV = Air velocity, m/s
D = Distance, meters

For a velocity of .4 m/s the fan should be approximately
4,5 meters away from the subject. For a velocity of .8 m/s

the fan should be approximately 3.2 meters away from the



Table

Figure 8

Position of the oscillating fan
at 2 velocity of 1.6 m/s.

25
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TABLE 3
Mean air velocity at different distances for Tatung fan

in a fixed position.

Distance Mean air Standard
(meters) wvelocity Deviation
(m/s)

1,83% 1.37
1.98* 1.33

2,13 1.13 .165
2,29 1.09 «159
2.4l .98 .188
2.59 .96 <161
2.7 .98 +179
2.90 .88 . 164
3.05 .83 .122
3.20 83 121
3.35 77 <137
3.51 .73 .152
3.66 Ol .14k
3,81 <59 .163
3.96 61 .138
L,11 57 .119
b,27 U6 .137
L. 42 L3 .108
4,57 «35 . 106
h.72 +33 .116

1) Some of the_readings are not accurate because of the
limited range of the velometer.
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subject. For a velocity of 1.2 m/s the fan should be
approximately 2.1 meters away from the subject. Readings
for the velocity of .8 m/s are plotted in Figure 10. Note
the great variability over time for a “steady state" fan,
These fluctuations are due to reflections from the wall
and blade variation and probably are typical of such fans
in actual operating conditions. For all velocities the
side of the fan was approximately .8 meters from the wall.

2- Air velocity when the fan is oscillatings

The fan oscillated through an angle of 80 degrees;
see Figure 1ll, Fifty maximum air velocity readings were taken,
Each reading was determined both when the fan oscillated
from left to right and from right to left. This means
that when a fan completed one cycle, two readings were
taken (one every five seconds). Means and standard devi=-
ations were calculated; see Table 4, Maximum air velocity
means were plotted and a curve was fitted between the data

points using a SAS program. See Figure 12, The best equa-

tion is,
AV = .961 + ,116 (D) = 1.021 (In(D))
R* - .990
where
AV - Air velocity, m/s
D - Distance, meters

For 2 maximum velocity of .4 m/s the fan should be approx-
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Figure 11 Mezsuring the air velocity

while the fan is in an osclllating
position. (*) Point where air vel=-

ocity was measured,
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TABLE &4

Maximum mean air velocity at different distances for the

fan in'an oscillating position.

Maximum
Distance mean z2ir Standard
(meters) velocity deviation

(m/s)

J7T6% 1.34
.91 1.17 111
1.07. 1.03 .170
1.22 .83 .190
1.37 .76 117
1.52 79 .117
1.68 .6l 137
1.83 «57 137
1.98 .50 154
2.13 Lk 116
2.29 « 37 L141
2., .32 .118

*) Some of the readings are not accurate because of the
limited range of the velometer,
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imately 2.2 meters away from the subject., For a maximum
velocity of .8 m/s the fan should be approximately l.4 meters
away from the subject. For 2 maximum velocity of 1.2 m/s
.the fan should be approximately .9 meters away from the
sub ject. Readings for the maximum velocity of .8 m/s are
plotted in Figure 13.
Tables 5 and 6 and Pigures 14, 15 and 16 show the mean
air velocity readings at every second of the oscillating
cycle for two casess
1- When the subject is seated in the middle of the
oscillating cycle. Here the subject is exposed
to a constaﬁt air flow which varies with the cyclé.
2= When the subject is seated at the edge-of the
oscillating cycle. Here the subject is also expo-
sed to a somewhat constant air flow, but the diff-
erence between each air velocity at every second
of the cycle becomes greater than when the subj-
ect is seated in the middle of the cycle.
For the case when the subject is seated in the middle of
the oscillating cycle a mean for the air velocity can be
found which represents a percentage of the maximum mean
air velocity. From Table 5 and Figures 14, 15 and 16 it can
be seen that the mean air velocities for the maximum air
velocities of .4, .8, and 1.2 m/s are .3, .5, and .7 m/s

respectively. These air velocities represent another
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TABLE 5
- Air velocity readings for the oscillating fan when the

subject is seated in the middle of the fan cycle.

Fan cycle Distance (meters)

(seconds) .9 1.4 2,2
1 +38 ¢33 34
2 .26 25 «31
3 1.07 .63 .24
by 1.13 .85 40
g Sl 77 « 37
6 31 «29 «35
7 .16 27 28
8 1.01 61 24
9 112 77 7

.81 .68 «37

g
o

Mean -v68 ,5“ :3“
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TABLE 6
Air velocity readings for the fan oscillating when the

subject is seated at the edge of the fan cycle.

Fan cycle Distance (meters)

(seconds) & 1.4 2,2
1l - 85 «38
2 1.23 72 .31
3 1.21 71 .30
4 oL .06 .03
5 .0 .06 .02
6 .0 .0 . Ol
7 .03 .ol .03
8 . 52 .20 .20
9 .80 .60 «37

=
(o]

o 081 |L,'3




.."\'..'

MATIOAMAL

g

.

e

Eix‘l:'the___,' e

¢cle,

A

“ate

th

cles-

—

PP SRR
B .
1

]

e

e p—"

27

e:

tedin—

f

f=th

ec

Tmiddle

Sub

cof

e
he cy

ect-ge:

-1

—— r,fv,,—-v-__. —— e

ub

pol

—
t

1

| uonny
A

T

i1

=

b -y . II‘__.._,i.

L

e

h §
N

—=
oA

R e S S

REEAR I He)

B B ——

f e m—— e

t

“on sub

cle:

ey

14 Nean air—v

-3

By

—Ii2

——— -

™

]

Figure

ect as a-funct-

3

———————— ——

a

Ana

ting T

B

ime~from exr oscills

—forrof+

f
¥

.

ers

49 met

12-282

— e — — ] -~
\

r

Jec

from the sub

U Squares to the Inch

»H



=

T

SR T

[ra—

=
=
—
—

Lo g =

R )

-fe

¥¢la-

—_—

s 4
i

=<

the:

-

,f
'{w e
z
=
{&_ & SRR
e e
SR e R A i
i T ot ey e

t-seated a
s—cycl

=
]'_’i A
il
7

SR et

e:

Ty

je

as).

b

— | middl

——Subiec
——edg
.___'"i

from an oscillating fan at 1.4

o

Varianaw

K5
Lgdlires
_ ﬁ,_m,w @i,
f HE _ (4nnee
i I | Hikh e A
L ,,L.-..\A,-ﬂ_m Vi || .W.
1A% Hish " il “ehihB
1 | | W__ ww
| ] “ | | | el
T i : T _n_u k .m“
_ 7 {ii
&4 1 L L] o _ j bR 3
il 1l Tl e
1 h IR
B ] N i il s
| w; mu i
i Bl
RN | i T
| H e
j HILL | 4y A
1 24 \—
_ | il
e T Ted 1] T
Lt Bl Bidhe il
B gpAY =g |
_ His
L1 Ly A i ..
o
8
o

20 Sauares to the Inch



mariGaaL

\2-282 ! 1 e

|

NO T

7 Lo |
= —J

. = 5 e S E * S —
j YR — : " —Subject seated in ——

et —=——l————the middle-ofthe — —

cyc;e.

|
| |
Ll
’ga
m
&
o
4
lr',h
|28
@
ar
’

T + e — : 8 : S l =i '
> : : i : = ——«—J_—~——~.— + : 7 . =

TEo == ‘ = ==

i 1
= ] . = — : — : :
- t ST (i ! —
T 1 \ H
! T T T t
i e =g — ]
_— [~ ———— <
f— = 7 - et e - R -
I _(‘l_ P g AN LI RPN IO SN0 2 -
8. r
RS — PN SA-——————— a2 IRpTn e
g £ o

1) Rguares to the Inch



Lo

TABLE 7
Air velocity readings at different angles for the osci=-

llating fan,.*

Angle Air velocity (m/s)
(degrees) .4 «3 Yol
0 .93 1.38 i

10 64 1,07 -
20 5593 .89 1.28
30 L6 .85 1.15
4o Jh .76 1«17
50 46 .85 1.15
60 +53 .89 1.28

70 b4 1.07 =

80 .93 1.38 -
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TABLE 8

Air velocity measurements at the subject's feet.

Air velocity Fan Distance Air velocity at feet
(m/s) (meters) . (m/s)
Fixed Oscillating

A 2.2 - .03
_ 4.5 .30 -
8 1.4 - -
3.2 . 3k -
s 9 - -

201 -17 -
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interpretation for the maximum velocities of the oscill=-
ing fan,
Air velocity readings were taken at every 10 degrees of the
oscillating ¢ycle {readings were averaged). See Table 7
and Figure 17. Air velocity measurements also were taken
at the subject's feet, see Table 8. |

Noise measurements were taken for every condition
of the experiment., The noise measurements for the chamber
with no fan énd the humidifier off was 42 dBA. Noise
measurements for the chamber with no féh and the humi-
difier on was 53 dBA. Noise measurements while the fan was
fixed or oscillating was from a minimum of 52 dBA to a
maximum reading of 58 dBA, see Table 9.

A table (.8 x .8 x .7 meters) and & chair were used
for each subject. Each fan was put on a separate table
(.6 x .6 x .8 meters) and facing the subject. The distance
between the subject's face and the floor averaged 1.l meters;

the height between the center of the fan and the floor

was 1.1 meters.
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TABLE 9

Noise measurements.

Noise (dBA)
FPan condition Air velocity Subject seated Subject seated
(m/s) near humidifier away from hum=-
idifier
No Fan .0 53 52
- Fan Oscillat- b 53 52
Ane .8 56 55
1.8 58 57
Fan Fixed M 53 52
8 53 52

1.2 53 52
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RESULTS

Thermel sensation ballots Votes from the thermal sen-

sation ballot are shown in Table 10.

An analysis of variance was performed on thé votes
obtained; see Table 11. All factors and interactions were
significant except the temperature and fan condition int-
eraction which was not significant.

Replications of the experimental conditions were not
significantly different, see Table 12.

Duncan's multiple range test for the "still air®
conditions shows that they are not significantly different,
see Table 13.

Table 14 shows Duncan's multiple range test for the
various means. lieans of the different temperatures show a
significant difference between them. The fan condition
means show that there was no significant difference bet=-
ween the fan fixed at a velocity of .4 m/s and the "still
air* conditions. The "still air®™ conditions and the fan
fixed at a velocity of .4 m/s were significantly different
from the remaining fazn conditions. Table 15 shows the
difference between the mean votes for the subjects.

Figures 18, 19 and 20 show the different fan cond=-
itions at different temperatures. They show that the
oscillating fan is preferred over the fixed fan. The

figures also show that subjects feel cooler at higher



TABLE 10

Votes obtained from the thermal sensation ballot.

25.6 C
©0.7)

FO3

MEAN
TOTAL

(1.2)
FF3 FF3 NF NF

FF2

(0.8)
2

FF

(0.4)
FF1

FF1

FO3

NF

Temperature

Ky ]

6

4.4

5.4

4.0

4.3

4.8

3.9

3.9

4.3

4.9

MEAN

27.8 C
(0.7)
kO3

(1.2)

FF3

(0.3)
FO1

Temperature

MEAN
NF TOTAL

(0.8)
FF2

(0.4)
FF1

(0.5)
EFO2

NE

FF3

FE2

FF1

FO3

F02

F01

NF

NF

[Eg]

¢ ]

6

6

6

0O

5.1

6.0

4.4

4.8

5.7

4.6

4.9

4.8

5.9

MEAN



(continued)

TABLE 10

30 C

MEAN
TOTAL

(1.2)
FF3 NF NF

FF3

(0.8)
FF2

FF2

(0.4)
F03  FFl  FFl

(0.7)

Fo3

0. 3) (0.5)
FOl'  FOl  FO2  FO2

NF

NF

Temperature

w

6

uy

(¥

w

6

5.5

5.8

5.0

5.4

6.1

4.9

4.9

5.1

6.8

MEAN
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TABLE 11
Analysis of variance for the votes from the thermal sen-

sation ballot.

Source d.f. Mean square F-value

T 2 18.69 Lg,18%#
FC 7 8.35 21,97%%
S 7 3.50 Q.214u%
Tx S 14 231 6.08%#
FC x S L9 56 1.47%

‘ERROR 98 : 38

Total 191

#E0 S 1%

* X5 5%
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TABLE 12
Duncan's multiple range test on the votes for replications

from tﬁe thermal sensation ballot.*

Replications g 2 2
lean vote 5.0 5.0
AAAAAAAAAA

* Jeans with the same letter are not significantly different.
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TABLE 13
Duncan's multiple range test for the values of the still

air coﬁditions from the thermal sensztion ballot.*

"still air® End Start
Mean vote 5.7 5.9
AADAAAANAAAAL

# Means with the same letter are not significantly different.
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TABLE 14
Duncan's multiple range test on votes for temperatures and
fan coﬁditions from the thermal sensation ballot (&4 = Sligh-

ly cool, 5.= Keutral, and 6 = Slightly warm).* .~

Temperature (C) 25,6 27.8 30
Mean vote b b Bk 5.5
C B A

Air veloecity, m/s
Osc¢c, Fix. Osc. Osc¢, Fix. Fix. Start End
Fan Cﬂndi‘tion .7 llz 95 03 08 ou' 02 '2

‘Mean vote 4:5 ’4'.5 u’-é L"-? 4-8 5'5 5-? 509
BEBEBBEBEBEBBEEEBEBBBBE AAAAAAAAAAAAAA

¥ Neans with the same letter are not significantly different.
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TABLE 15
Duncan's multiple range test for votes of the subjects

from the thermal sensation ballot.*

Subjects 7 6 1 4 2 5 8 3
Mean vote 4.6 4.6 4.6 5.0 5.2 5,2 5,4 5,5
ccceceeccccce AAAAAAAAAAAAAAA

- BEBBEBEBBBB

¥ Means with the same leiter are not significantly dilierent.,
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air velocities; Figure 21 shows an overall look at the
difference between the oscillating fan and the fixed fan.

Figures 22, 23, 24, and 25 show the different condit-
ions of the fan at different temperatures.

An analysis of variance was performed on the votes
for the oscillating fan and the votes for the fixed fan,
See Tables 16 and 17, Temperature was significant for both
the fixed and oscillating fan but air velocity was signif-
icant only for the fixed fan. The interaction between the
air velocity and temperatures was not significant for
either fan.

Table 18 shows the Duncan's multiple range test
for the temperatures with the oscillating fan. Tempera-
tures of 30 and 27.8 C were not significantly different.
Table 19 and 20 show Duncan's multiple range test for
the mean votes of the fixed-fan. Temperatures are signi-
ficantly different. Although air velocities of .8 m/s
and 1.2 m/s are not significantly different, they are
significently different from .4 m/s.

FPigure 26 shows the air velocities for the fixed
fan at different temperatures. The figure shows that
higher air velocities generates lowef votes.

Semantic differentizl scale ballot: An analysis of

factors wes performed on the votes obtained from the

semantic differential scale ballot by the use of a SAS



NATIONAL

taazs

12-282

-8

-

1

| = :_ _—_{
7 R - =F

i ‘ R ¢ ——— z E - !
s : : . = = ; |

—— : E=

— T S = —

I : =

T s e — !

=E 2 : : s
— 1 = , _r. I L
= = : e o : St : :
- T 3 - B i AL = -_f‘j

i tosn - — I =

f : = — = == e i ]

.r'-- e T T [———— ey + | . : T

: ' —Fanoscillating—

= ; = : et : : e

= ’ ___ _-_:C):-—- _ — ‘.F_:ﬁ_' e = .’ B

e ]

— -

——slightly ¢




ArATIONAL
12-282

Qi I IRl N, ST T R |

S S S

ey ]

— g

T |

i
1=

]

‘_‘. ._ i o _ v
i | | 3
i i 8
i i ] o
4 |
= 4 4. I wam
H al
] ! 1! W
| i ol
: il
| f m, i |
il | |

IRRH i

- from the

ures

h

ot

I

arm|

W

2 ¢od

T

"L

=1

1y |

£

L

Mot a

LATA 2~

—ve

hot

T

AT s
=

g
——neutyal -

b=l

EE——

~—temperat

0 Souvares 1o tae Inch

-y



G
."!n..

ruar oAl

12 282

o s

2 Sguar

b

59

T

i .__|.

e In the [nch




anloy

MATIDMAL

12-282 J T T T i : % r o )
UTETIERCR- Y - :’ ’ 1 H 1] L] 1 73
- ¥ : . ! ] e 7
- " 2 H T T i 1
‘ ; " g } I : ; =
i == T ! L I
T + : + -
1 + - - T ; s
1 i i H T T
T L ! + T |
i T : ; 5 i ;
T T T
- . :
. - v 1 -
: o e ;
: = T
T :
: -
—+ T T 1
1) i —rr
T — T
‘r T H
R t T
4 L

———— ! : —_—r -
ot - ey —
: t e : : == = —
: : " — : o I F— T
== =s===c = — ==
REmasE T o e e e = e e
‘ = E=—o == :
s s e~ m— — = e S e B el e et e S — i ——
siichtiy warmt————— e === = S
i N

~-Temperature,™

s ol

L e RS Rkt e B R T

-~ Vote for velocities of .8 m/s fan fixed and .5 m/s fan
-oscillating at different temperatures from the THS ballot.
—— : : gt s st

Zf¥ Xyunres ta ths Inch



12-282 — = B H T : : T T 1
e N ? -~ t ~+- - ) (i,
1 = T + + - —
1 T ‘
. :
! T : : L 1
T T ' &J.-——— -
+ 1 ! : i -
. L H t T — T
- i t
T : t * + + i +
T ! ' T
F ———
¥ o o T 1 T T '
T | —
: , : : e =
4 . s t ,,_ L
= -
T L
e — : : ————
: s i -t 1
; ! | ]
; T ¥ 1 :
= = , : T e
x = T ‘ 1 H Ty
i e r ' e T En o T T i
] : — : ‘ ‘ ran—oscrilating—— ]
T el f T 5 = T = et ]
I T 6 & of - E——— ! - i : I T —-
1 T : 3 I Heerem
- : ' > 7 T s t I H
= + ; -
TYVeITY ot el S— et e :
e r—'h- s I e s . 2% o p el o e e i
T i h —T rall—I'L T
. i . : g
- ¥ T T T
i = e —
1 i
I — 4 S RO S
1 2] I i R T 1
1 P g8 SRS o
1ok s -
; = — i
— —J— i T H
s s = !
= st Pt s
————WaTrm—— et = ! - — ]
- ' T
: = S I T CRES e Dok e =
. = i : e — oo
i ] —f ] - i CHp— fon s —t
G R I H [ o——
T e | p— /o
—_-r_. —4— - ————— - + —— e ——
sIrghttyrwarM'nnn— ; = e 2  — —
T e B oE Y <E T : =!
= = e T i P
; — - - i— I —|
: o e T + e ey pa e 1 —f
RS - E
——Reutral

— —ciightly cool

Votes for veloc1t1es of 1.2 m/s ‘fan fixed and .7 m/s
_fan osc111at1nz .at dlfferent temperatures. from the
“THS_ballot. )

26 Sguares tothe inth



62

TABLE 16 _
Analysis of variance for votes on the oscillating fan

from the thermal sensation ballot.

Source d.f. Mean Square F-value
T 2 5.93 29.65%%
AV 2 .38 1.90

S 7 2,72 13,60%%#
T x AV by 14 .70

T x S 14 .83 hol5%*
AV x S 14 «29 1l.45
ERROR 28 .20

Total 71

## o< 1%

*d< 5%
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TABLE 17
Analysis of variance for votes on the fixed fan from the

thermal sensation ballot.

Source d.f. Mean square F=value

T 2 7.90 21,35%%
AV s 7.09 19,16#%##
S 7 2,31 6. 2L%%
T x AV L .11 «30
TxS 14 1,02 2,76%
AV x S 14 W25 .68
ERROR 28 37

Total i 8

#%0g 1%

I g
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TABLE 18
Duncan's multiple range test for votes of the oscillating

fan for temperatures from the thermal sensation ballot.*

Temperature (C) 25.6 27.8 30
Mean vote ' 4.0 b,7 5.0

B AAAAAAAAAAAAAA

¥ Mezans with the same letter are not significantly different.
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TABLE 19
Duncan's multiple range test on votes for the fixed fan

by temperature from the thermal sensation ballot.*

Temperature (C) 25,6 27.8 30
Mean vote L.b 5.0 5.5
C B A

¥ Means with the same letter are not significantly different.
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TABLE 20
Duncan's multiple range test for votes of the fixed fan

by air—velocity from the thermal sensation ballot.#

Air velocity (m/s) 1:2 .8 A
Mean vote L,5 L.8 5.5

BEEBBEBBEB A

# Mean with the same letter are not significantly different
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program. The analysis generates weights (cofficients)
for every category of the ballot; the weights generated
can be seen in Table 21. Using the weights a percentage
of votes were obtained for the experimental conditions,
see Table 22,

An analysis of variance was performed on the percen=-
tages. of votes, see Table 23. All factors and interactions
were significant except the temperature and fan condition
interaction which was not significant.

Replications for the experimental conditions were not
significantly different, see Table 24,

Duncan's multiple range test for the "still air"

conditions shows that they were not significant, see Table 25,

Table 26 shows Duncan's multiple range test for the
different mean percentages. Mean percentages of the
different temperatures show a significant difference bet=
ween them. The fan condition mean percentages show that
there was no significant difference between the "still
air" condition at the end of the experiment and the fan
fixed 2t a velocity of .4 m/s. The remaining fan conditions
were not significantly different, although they were
significantly different from both the “"still air™ condi-
tions and the fan fixed at a velocity of .4 m/s. Table

27 shows the difference between the mean percentage votes

of the subjects.
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TABLE 21
Weights obtained by the factor analysis for every category
from the SDS ballot.

Category : Weight
Comfortable .981
Good temperature .976
Pleasant .987
Good ventilation 871
Acceptable .966

Comfortable temperature .979
Satisfied .982
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TABLE 23

Analysis of variance for the percentage of vote from the

SDS ballot

Source d.f. Mean squares F=value
T 2 6491.37 58.61%%
FC 7 2441 ,67 22,04%%
S 7 Lh457.24% Lo,24%%
T x FC 14 185.35 1.67
TxS 14 299.29 2. 70%*
FC x S 49 317.38 2,87%%
ERROR 98 110.76

Total 191

1%

*X S 5%
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TABLE 24
Duncan's multiple range test on mean percentage of votes

for reﬁlications from the SDS ballot.*

Replication 1 2
Vote % 3.2 4.4
AAAAAAAAAAAA

% Means with the same letter are not significantly different.



74

TABLE 25
Duncan's multiple range test on percentage of votes for

the still air condition from the SDS ballot.*

"still air" End Begining
vote % k5.5 50.5
AAAAAARAAAAAAARA

#* Means with the same letter are not significantly different.
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TABLE 26
Duncan's multiple range test on percentage of votes for

temperétures and fan conditions from the SDS ballot.#

Temperature(C) 25.6 27.8 30
vote % . 23.9 35.0 L, 0
C B A

Air velocity, m/s
Fix., Osc, Osc¢, Fix, Osc, Fix,., Start End
Pan condition 1.2 «7 &5 8 o3 i 2 o2
Vote % 24,4 24,6 26,6 30.7 30.9 41,2 45,5 50,5

AAAAAAAARAAAARAAAAAAAAAA -  BBBBBEBBBEE
cccececececcec

# Means with the same letter are not significantly different.
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TABLE 27
Duncan's multiple range test for percentage of votes for

subjects from the SDS ballot.*

Subject. 5 é b 5 2 7 8 3

Vote % 16.2 22,4 23.5 25.9 42,8 45,2 L47.8 50,8

D CCCCCCCCCCCCCCee AAALAAAAAAAAAAAA
BEBBEBBBEBBBBBEB

* Means with the same letter are not significantly different.
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Figures 27, 28, and 29 show the different fan condit-
ions at different temperatures., These figures also show
that subjects feel cooler with higher air velocities.
Figure 30 shows an overall look at the difference between
the oscillating fan and the fixed fan.,

Figure 31 éhows the different fan conditions at
different temperatures.

An analysis of variance (Tables 28 and 29) was per=-
formed on the percentage of votes for the oscillating
fan and the percentage of votes for the fixed fan. Temp=-
erature and air velocity was significant for both the fixed
and oscillating fan. The interaction between the air vel-
ocity and temperatures was not significant for either fan,

Table 30 shows the Duncan's multiple range test
for the mean percentage vote of the temperatures and
air velocities for the oscillating fan. Temperatures were
significantly different. Air velocities of .5 m/s and
.7 m/s are not significant, while both velocities are
significantly different from the air velocity of .3 m/s.
Table 31 shows the Duncan's multiple range test for the
mean percentage vote of the temperatures and air velocit=-
jes for the fixed fan., Temperatures and air velocities
were significantly different.

Figures 32 and 33 show the air velocities for the

oscillating and fixed fan at different temperatures.
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TABLE 28
Anai&sis of variance on the percentage of votes for the

oscillating fan from the SDS ballot.

Source d.f. Mean square F=value
T 2 1582.97 37 663
AV 2 243,99 5.81%%
S 7 1813.75 b3,15%%
T x AY 4 33.81 .80
AV x S 14 197.31 L, 6g¥#
ERROR 28 L2.03

Total 71

*#0 1%

*oS 5%



TABLE 29

Anslysis of variance for percentage of votes for the fixed

fan from the SDS ballot.

Source d.f. Mean square F-value
4 2 3012.32 39,014
AV 2 1737.29 22,50%%
s 7 1878.30 24,3350
T x AV 14 83.78 1,09
Tx S 14 210,11 2,72%
AV x S 14 135,70 1.76
ERROR 28 47 - |

Total 71

#4US 1%

RS 5%

8L
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TABLE 30
Duncan's multiple range test for percentage of votes for
the oséillating fan by temperature and air velocity from

the SDS ballot.*

Temperature (C) 25,6 27.8 30
Vote % 19.2 27.4 35.5

C B A

Air velocity (m/s) .7 5 3
Vote % 24 .6 26.6 30,9

BBEBBEBBEBBBBEB A

# Means with the same letter are not significantly different.

el
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TABLE 31
Duncan's multiple range test for percentage of votes for
the fiied fan by temperature and air velocity from the

SDS ballot,.¥*

Temperature (C) 25,6 27.8 30

Yote % 21.2 31.5 L3.6
Cc B A

Air velocity (m/s) 1.2 .8 o i

Vote % 24 .4 30,7 41.2
C B A

* peans with the same letter are not significantly different.
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Noises In a pilot experiment, noise ballots were used
to determine the effect of noise. Results indicated that
noise had no effect. Figure 34 shows the mean vote for the
noise at two experimental conditions (fan oscillating at
a velocity of .8 m/s and a "still air™ condition). The
mean vote for the "still air™ condition was higher than
that of the fan oscillating at a velocity of .8 m/s. The
humidifier noise was higher than that produced by the
oscillating fan.

Prediction of votes: A multiple regression analysis

was performed for the two fan conditions (oscillating
and fixed); see Table 32. These equations apply only
for the experimental conditions that have been discused
in this study. The predicted votes from the equations
are the comfort votes from the thermal sensation ballot.
Table 32 shows that the correlation cofficient for the
fixed fan is higher than that of the oscillating fan.

From the equation, for every increase in the air velocity
by 1 m/s the temperature can be increased by 5.3 C for the
-fixed fan, For the oscillating fan, for every increase-in the
air velocity by 1 m/s the temperature can be increased

by 8,8 C.
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TABLE 32
Multiple regression equations for predicting the comfort

" vote for the oscillating and fixed fan.

Fan condition Regression equation¥®

Oscillating  V = =457 4 .225(T) - 2.193(AV)
R «331

Fixed V = =1.113 + .257(T) - 1.367(AV)
R™=z .439

* s5till air was assumed to equal .2 m/s,
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DISCUSSION

Air velocitys At higher velocities subjects voted

cooler. This can be seen in Figures 18, 19 and 20 for the
thermal sensation ballot and Figures 27, 28, and 29 for
the semantic-differential scale ballot -and Table 32.

For the "still air™ condition, mean votes ranged
between slightly warm and neutral, The range of the mean
votes may be an indication that higher temperatures may
be needed to be investigated in future experiments.

From the thermal sensation ballot, the mean vote (4.9)
for thé "still air®™ condition at the beginning of the
experiment at a temperature of 25.6 C is the same as the
mean vote (4.9) for the air velocity of +7. m/s from an
oscillating fan at a temperature of 30 C. There was.no
difference also between the mean vote (5.4} ‘of the "still
air" condition at the end of the experiment at a temp-
erature of 25.6 C and  the fan fixed at a velocity of .8
m/s at a temperature of 30 C. For the semantic-differential
scale ballot the means of the conditions mentioned above
are not significantly different using the least square
means test, as for the first condition ("still air™ at
25.6 C ve fan oscillating a2t 30 C with a velocity of

.7 m/s) , the probability of being significant is p ¢.60.
The probability of the second comparison is p-£ ..5€.

Figures 25 and 31 show the mean vote from the thermal
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sensation ballot and the mean percentage vote from the
sementic-differential scale ballot of the air velocities of
1.2 and .7 m/s. It shows that the means are below that nece-
ssary for thermal comfort. This is the case also for the
velocities of .8 and .5 m/s for the fan conditions, see
Figures 24 and 31. In general, the air velocities of 1.2 and
.7 m/s were felt cooler than the air velocities of .8 and .5
m/s and the air velocities of .4 and .3 m/s for both fan
conditions. See Tables 33 and 34.

With the fan fixed, the velocity of .4 m/s was felt
equal to the "still air"™ condition. This is true for all
temperatures {25.6, 27.8 and 30 C). This can be seen
clearly in Figures 26 and 33. This could be due to the
volume of the air produced from the fan, which is relati-
vily low because of the size of the fen (nine inch) that
was used for the experiment. Another reason could
be that the air velocity was determind by moving:
the fan forward or backward, so in order to ;each a vel-
ocity of .4 m/s for the fixed fan, the fan should de
approximately 4.4 meters (14.5 feet) from the subject.

The distance of the fan could have had a psychological
effect. This could be investigated further by subjects
responsés when they were asked which fan condition they
preferred. Most of the subjects replied - . %

ferred the fan when it was closer to them.
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TABLE 33
Mean votes for the interaction between the fan condition

and the temperature from the.thermal sensation ballot.

Temperature Fan condition Air velocity Mean vote

(C) (m/s)

25,6 still air 2 gtart h.9
still air 2 end Sl
oscillating «3 4.3

5 3.9

o7 3.9

fixed o L.8

8 .3

1.2 L,o

27.8 still air .2 start 5.9
' still air .2 end 6.0
osecillating 3 L.8

«5 k.9

o7 4.6

fixed o 4.7

.8 4,8

1.2 b

30 still air .2 start 6.8
still air .2 end 5.8
oscillating o3 Sl

5 e
"7 L.,o
fixed i 6.1
.8 5.4

1.2 5.0
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TABLE 34
Mean percentage of votes for the interaction between the fan

condition and the temperature from the SDS ballot.

Temperature Fan condition Air velocity Mean percentage

(c) (m/s) of vote
25.6 still air .2 start 29.9
still air .2 end Lo,o
oscillating «3 20,3
5 19.6
o7 17.8
fixed LU 27.9
.8 20.4
1.2 15.3
27.8 still air .2 start 55,4
still air .2 end 47.9
oscillating o3 31.6
«5 29+1
o7 23.4
fixed o Lo.0
8 28 .6
x 25.9
30 still air .2 start 66.2
still air «2 end 48,7
oscillating o3 40.7
5 33.1
.7 32.6
fixed o4 £5.8
8 £3.0

1.2 32,0
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Oscillating and fixed fans Table 25 shows the pre-

ferred fan condition at different temperatures according
to the mean vote from the thermal sensation ballot and
the mean percentage vote from the semantic-differential

scale ballot.

At low velocities, the oscillating fan was preferred

over the fixed fan for all temperatures. At medium vel=-

ocitiea the oscillating fan was preferred over the fixed
fan at a low temperature of 25.6 C and also &t a high
temperature of 30 C. At the temperature of 27.8 C the
mean vote from the thermal sensation ballot shows that
the oscillating fan was preferred while the mean percente
age vote from the semantic-differential scale ballot
shows that the fixed fan was preferred. But the diff-
erence between the fan conditions at the temperature

27.8 C is relativily low for both means, see Figures

24 and 31.

At the air velocities of 1.2 and .7 m/s it is very
difficult to indicate the preferred fan condition. The diff-
erencerbetween both conditions by the mean vote from the
thermal sensation ballot and the mean percentage vote from
the semantic-differential scale ballot is very small as can
be seen in Figures 25 and 31, This difference also can be
seen in Duncan's multiple range test, as Table 14 shows

that the oscillating fen was preferred, while Table 26
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TABLE 35

Preferred fan condition by air velocity and temperature.

Temperature Air velocity Preferred condition

(C) , ThS SDS
25,6 L FO | FO
M FO FO
H FO FP
27,8 L FO FO
M FF FO
H FF FO
30 L FO FO
M FO FO
H FO FF

FO -~ Fan Oscillating.
FF = Fan Fixed.

L - Low (.4 m/s fixed and .3 m/s oscillating).
M - Mid (.8 m/s fixed and .5 m/s oscillating).
H - High (1.2 m/s fixed and .7 m/s oscillating).
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shows that the fixed fan was preferred. It was indicated

earlier in this study that one of the properties of the
oscillating fan is that the subject is exposed to an

air flow (at a certain air velocity) which will be higher
or lower depending on the fan cycle. See Figures 14, 15.
and 16. So the difference between the mean air velocity
at each second of the cycle is greater at higher zir
velocities than the difference between the mean air veloe-
ities at every second of the cycle with lower velocities.
This could be the reason why the oscillating fan is
preferréd at lower air velocities (.3 and .5 m/s) and

not at higher air velocities (.7 m/s). Further invest-

igation may be needed to determine this.

. FPor an overall look, Figures 21 and 30 shows that at

lower air velocities the oscillating fan was preferred

while at higher air velocities both fan conditions seem

to be the same.

Rigures 21, 23, 24, and 25 show that for every inc-
rease in the velocity by 1 m/s the temperature should
be increased by 2.2 C for the oscillating fan. For
the fixed fan the figures show that for every increase
in the air velocity by 1 m/s the temperature should be
increased by 5.5C.

From above it seems that the air velocity from the fixed

fan'is 2.5 times more important than the air wvelocity
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from the oscillating fan in determining thermal sensation.
This is in contrast with Nevins (1975) values that says
that, for every 1 m/s increase between .6 and 1.0 m/s the
temperature should be increased by l.5 C. This increase
in temperature is greater than that needed for the oscill=-
ating fan and four times less than that of the fixed fan.
The values of the trade off for the osecillating fan is
six times less than that obtained from th; régreSSion
equation (8.8 C for ever‘yk 1 m/s increase), while the fixed
fan values are similar (5.3 C for every 1 m/s increase).
Further investigation may be needed on this suﬁject.

The fluctuation of air flow may have had an influence
on creating thermal comfort. Results indicated that this
influence was in the positive direction.,

Temperature: Independent from the fan condition, or

air velocity, mean vote and mean percentage vote of the
different temperatures seem to lie in the thermal comfort
zone. The one exception is the mean vote and mean percent-
age vote for the air velocity of .4 m/s at different temp-
eratures for the fixed fan.

Thermal sensation and the semantic differential

seale ballotss Results from both ballots were some-

what identical to each other (with a few exceptions). This
may give a good indication of how reliable the experiment

was.
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CONCLUSIONS
There was no difficulty in creating thermal comfort
independent from the temperature or the air velocity..
Subjects felt cooler with higher air velocities, inde-
pendent from the temperature or fan condition.
An air velocity of .4 m/s from the fixed fan was felt
equal to the “still air" condition independent of the
temperature.
Oscillating fans were preferred over fixed fans at
lower air velocities, while both fan conditions had
the same effect with higher air velocities.
The low volume of air produced from the fan may have
had its positive effects on comfort for high velocities
and a negative effect on comfort with low air velocities,
The fluctuztion (turbulence) of the fan while it was
fixed or oscillating could have had a positive effect

on creating thermal comfort.

The air velocity from the fixed fan was three times more
important than the a2ir velocity from the oscillating

fan when determining thermal sensation.,
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APPENDIX A

SYMBOLS

ThS = Thermal sensaticn ballot

SDS = Semantic differential scale ballot
T = Temperature, C

F = Fan condition

AV = air velocity, m/s

S = subjects

v = vote
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APPENDIX B

INSTRUCTIONS

This experiment is designed to measure your comfort in three different
temperatures of 78, 82, and 86 F (25.6, 27.8, and 30 C).

You are required to perform a pegboard assembly task (you are required
to pick up doubles from a bin one at a time using your preferred hand and
place them on a pegboard with the white side up and in the two middle columns.
You will then disassemble the board and repeat the entire process) [See
sample on Table] at three different times on three different days, and in
seven conditions:

1. Performing the task in still air (no fan will be in use).

2,3,4. Performing the task while a fan is oscillating, at three

air velocities.
5,6,7. Performing the task while a fan is in a fixed position, at
three different velocities.
Before entering the experimental chamber, you are required to change your
clothes and wear a shirt (long sleeves, cotton twill), trousers (cotton),
jockey shorts, shoes and socks (cotton). You provide the underwear, socks,
and shoes; we provide the shirt and trousers. After entering the experi-
mental chamber you are going to be given three kinds of ballots., These are
the ballots that you will be handed every ten minutes of the experiment to
mark (these will be explained to you before you begin with the experiment)
(See attachment).

There will be approximately 3 hours of experimental time for each day,

for a total of 9 hours in three days. You will be paid, at the end of the

experiment, a sum of $45.
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There will be no risk in this experiment. However you are free to stop
at any time although it is recommended that you continue to the end so
that I can get all the data needed and you need not forfeit your pay. Feel
free to ask any questions at any time, now or later. If you agree to partic-
ipate, you are required to complete a subject data form.

I hereby agree to participate in the experiment: '"Using Fans to Improve

Comfort at 78, 82, and 86 F."

(Signature) (Date)
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APPENDIX C

Subject data form

Name :

(First) (Lastj

Phone:

Birth Date:

Weight:

Height:

Sex M E

Do not write below this line
Subjects Code
Subjects Attendance:
First Day Second Day
Day M T W TP F S S M T W T F S S
Date
Time Beginning

Time Ending
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APPENDIX D

Thermal Sensation Ballot

Circle the number that best describes how you feel.

9 very hot

8 hot

7 warm

6 slightly warm
) neutral P

4 slightly cool
3 cool

2 cold

1 very cold
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Semantic Differential Scale Ballot
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Place an (X) between each pair at the location that best describes how you

feel.

Comfortable:

Bad Temperature

Pleasant

Good Ventilation:

Unacceptable

Uncomfortable
Temperature

Satisfied

Uncomfortable
Good Temperature
Unpleasant

Poor Ventilation
Acceptable

Comfortable Temperature

Dissatisfied
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ABSTRACT
Using oscillating fans to improve comfort.
SUDAD STANLY AL-WAHAB, Kansas State University, Manhattan,
KS 66506

Eight subjects sat in an experimental chamber and
performed a pegboard task three different times at three
different temperatures.(25.6, 27.8, and 30 C). In each
temperature there were seven conditions (1- Performing the
task in still air, no fan in uses 2,3,4= Performing the
task while the fan was in a fixed position at three air
velocities: 5,6,7- Performing the task while the fan was
oscillating at three air velocities). Air velocities were
at .4, .8, and 1.2 m/s.

Each subject was exposed to each temperature and fan
condition for 20 minutes. Two types of ballots measured the
subjects thermal sensation.

Results indicated that temperatures and fan conditions
were significantly different. The interactions between fan
conditions and temperatures were not significant.

Subjects felt cooler with higher air velocities ind-
ependent of the fan condition or temperature.

At lower temperatures the oscillating fan was perferred
over the fixed fan, while at higher temperatures both fan
conditions had the same effect. For every increase in air
velocity by 1 m/s the temperature can be increased by

2.2 C for the oscillating fan and by 5.5 C for the fixed

fan.



